VARIABLE INCIDENCE OBLIQUE ILLUMINATOR DEVICE 



BACKGROUND OF THE INVENTION 

This invention relates to a variable incidence oblique illuminator device which is 
designed to be employed in optical inspection apparatus, and more particularly in 
apparatus of die type in which, relative to the associated optical axis, the angle of 
incidence of the light illuminating an object can be varied from 15° to 75°, Even more 
particularly this invention relates to a specially designed Fresnel lens moveable relative to 
the object that is being viewed to direct illumination at different angles of incidence onto 
the object. 

Over the years a variety of apparatus have been developed for the purpose of 
illuminating an object which is to be inspected, for example items that are being 
inspected by countour projectors, optical comparitors, microscopes and other inspection 
systems. Typically an image of the illuminated object is then projected through a lens to 
an observer's eye, or more recently through video inspection apparatus. For best results, 
light or beams of light are directed obliquely downwardly onto an object that is being 
inspected better to illuminate edges or curved surfaces of an object. The oblique beams 
are directed at angles of incidence to the optical axis of the object that is being inspected. 
U.S. Patents no. 4,567,551, No. 5,897,195, No. 5,690,417 and No. 6,179,439, all of 
which are assigned to the same assignee as the present application, disclose a variety of 
different apparatus for projecting beams of light obliquely onto the surface of an object 
that is being inspected. 

For example, in U.S. Patent No. 4,567,551, beams from four different light 
sources are directed onto the reflective surfaces of four mirrors, which then reflect the 
light through a Fresnel lens onto the object that is to be inspected. In U.S. Patent No. 
5,897,195 a plurality of circular arrays of light emitting diodes (LEDs) surround a 
cylindrically shaped, Fresnel-like diffuser element which then directs the light beams 
from the LEDs at different angles of incidence to the optical axis of the apparatus, and 
onto the work that is being inspected. Variations of these multiple array LED 
illuminating systems are disclosed also in U.S. Patent No. 5,690,417 and No. 6,179,439. 

Although the above- noted apparatus disclose various ways of directing 
illumination at different angles of incidence onto an object that is being inspected, such 



apparatus also have the need for employing large arrays of light sources and associated 
Fresnel-like diffiisers in order to direct onto a workpiece a large number of beams at 
different angles of incidence to the optical axis of the associated apparatus. 

It is an object of this invention, therefore, to provide for such apparatus an 
improved illuminator device that employs only one circular array of light beams, and 
which array of beams can be directed optionally at different angles of incidence to the 
optical axis of the workpiece that is being inspected. 

Still another object of this invention is to provide for apparatus of the type 
described an improved illuminator device having a circular array of light beams directed 
onto a Fresnel lens adjustable toward and away from an inspected object selectively to 
alter the angle of incidence of the light illuminating the object. 

A further object of this invention is to provide for inspection apparatus an 
improved illuminator device of the type described which includes a Fresnel lens 
adjustable axlally of the optical axis of the apparatus to focus light on an object and at 
selectively different angles of incidence to the optical axis. 

Other objects of the invention will be apparent hereinafter from the specification 
and claims particularly when considered in conjunction with the accompanying drawings. 
SUMMARY OF THE INVENTION 

The cylindrical objective lens assembly of an optical inspection device is mounted 
above and focused upon the surface of a workpiece that is to be inspected. Adjacent its 
lower end the lens assembly projects coaxially into a central, circular opening formed in a 
generally disc-shaped illuminator housing, which is secured to and surrounds the lower 
end of the lens assembly coaxially thereof Secured coaxially in the housing adjacent its 
central opening is a faceted annular mirror having formed on the inner side thereof which 
confronts upon the interior of the housing a circular array of reflective mirror surfaces or 



facets which are inclined at like angles to the optical axis, and to register with an annular 
opening formed in the bottom of the housing coaxially of the lens assembly. Secured in 
the housing coaxially of the optical axis is a circular array of LEDs equal in number to 
the mirror facets, and having the light emitting ends thereof disposed in radially spaced, 
confronting relation to the mirror facets. 
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Mounted coaxially beneath the illuminator housing for vertical adjustment 
relative threreto is a generally disc-shaped optical element which is similar in size to and 
in registry with the disc-shaped illuminator housing. The optical element comprises 
two disc-shaped plastic Fresnel lens elements having plane, flat outer surfaces, and 
grooved inner surfaces secured in confronting relation to each other. Optical element 
3 1 is movable by drive means optionally between an uppermost position in which it is 
engaged with the underside of the illuminator housing, and a lowermost position in which 
it is spaced beneath the illuminator housing and closer to the work that is to be inspected 
When the element is in its uppermost position light beams from the LEDs are reflected by 
the mirror facets downwardly at an angle of approximately 421/2° through the annular 
opening in the bottom of the illuminator housing and annularly onto the upper surface of 
the optical element adjacent its radially inner end. The optical element then refracts the 
cone of light and directs it toward the work that is to be inspected, and at an angle of 
incidence of 15° with respect to the optical axis. As the optical element is shifted 
downwardly relative to the illuminator housing and toward the workpiece, the angle of 
incidence of the refracted illumination relative to the optical axis increases to a maximum 



Fig. 1 is a fragmentary sectional view taken on a vertical plane through the axial 
centerline of an illuminator device made according to one embodiment of this invention, 
with the device's LED illuminator housing having portions thereof shown in full, and an 
associated Fresnel lens housing being shown in phantom, by broken lines in two different 
positions which it can assume during operation of the device; 

Fig. 2 is a sectional view taken generally along the line 2-2 in Fig. 1 looking in 
the direction of the arrows, and with a portion of the illuminator housing broken away for 
purposes of illustration; 

Fig. 3 is an enlarged, fragmentary sectional view taken generally along line 3-3 in 
Fig. 2, and illustrating registering portions of the illuminator and Fresnel lens housings 
when the latter is in its uppermost position as shown in Fig. 1 ; and 



of 75°. 



THE DRAWINGS: 




Fig. 4 is an enlarged, fragmentary sectional view taken through the Fresnel lens 
housing adjacent the outer peripheral surface thereof, when the Fresnel lens housing is in 
its lowermost position as illustrated in phantom in Fig. 1 . 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the drawings by numerals of reference, and first to Figs. 1 and 2, 
10 denotes the lower end of a cylindrical imaging objective lens assembly which is 
positioned above and focused upon the surface of a workpiece W (Fig. 1 ) which is to be 
inspected. Lens assembly 10 is disposed coaxially about the optical axis Z of an 
associated video camera (not illustrated), which is connected to the upper end of die lens 
assembly 10 in a conventional manner. Secured coaxially to and surrounding the lens 
assembly 1 0 adjacent its lower end is a rigid mounting collar 1 2. The lower end of 
assembly 10 extends slightly beyond the lower end of the collar 12, and coaxially through 
and in radially spaced relation to a circular opening formed in the center of a large, 
generally disc-shaped illuminator housing which is denoted generally by the numeral 14. 
Housing 1 4 comprises a pair of disc-shaped upper and lower walls 1 5 and 1 6, 
respectively, having equal outer diameters and each having therethrough a central 
opening surrounding the lower end of lens assembly 10. The upper wall 1 5 has a portion 
of its outer surface secured in coplanar relation to the underside of the collar 12 coaxially 
thereof, and the lower wall 16 is maintained in spaced, parallel relation to the upper wall 
15 by an annular outer wall 17, which is secured to and surrounds the walls 15 and 16 
coaxially thereof, thereby to maintain them in axially spaced, coaxial relation to each 
other. As shown more clearly in Fig. i, the diameter of the central opening in the lower 
wall 16 of housing 14 is substantially larger than the diameter of the central opening in 
the upper wall 15, thereby forming in the bottom of housing 14, and centrally thereof, a 
circular opening 1 8 the purpose of which will be noted hereinafter. 

Secured at its upper end coaxially to the inside surface of the upper housing wall 
1 5 adjacent the central opening therein is a facetted annular mirror which is denoted 
generally by the numeral 21 in Figs. 1 through 3. Mirror 21 terminates at its lower end in 
housing 14 in registry with the opening 18 in the bottom wall 16, and has thereon 
coaxially of the optical axis Z an annular outer surface 22 disposed in radially spaced 
confronting relation to the lower end of the objective lens assembly 1 0. At the opposite 
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or inner side thereof which confronts upon the interior of the illuminator housing 14, 
mirror 21 has formed thereon a circular array (forty-eight in the embodiment illustrated) 
of mirror surfaces or facets 23, the surfaces of which are inclined at like angles to the 
optical axis Z for a purpose noted hereinafter. Secured coaxially in the housing 14 
5 between its upper and lower walls 15 and 16, and radially spaced from the outer wall 17 
is ati LED support ring 25. Secured at one end thereof to the inner peripheral surface of 
the ring 25 at angularly spaced points thereabout are the bases of a plurality (forty-eight 
in the embodiment illustrated) of light emitting diodes (LEDs) 27, the opposite, light 
emitting ends of which confront upon and register with the inclined mirror surfaces 23 of 
10 the facetted surfaces of mirror 21. The bases of the LEDs 27 are electrically connected in 
a conventional manner (not illustrated) with a power supply circuit which is mounted in 
the wiring channel C (Fig. 2) which is formed in housing 14 between its outer wall 17 
and the LED supporting ring 25. Each of the LEDs 27, when illuminated, directs a beam 
p of light, as shown for example in Figs. 2 and 3, onto one of the facets 23, which beams 

1 5 are then directed downwardly through the opening 1 8 in the housing 14. as shown for 
example in Fig. 3, and at an angle to the optical axis Z which will be described in greater 
fj detail hereinafter. 

Mounted coaxially beneath the housing 14 for vertical adjustment relative thereto 
is a generally disc-shaped optical element 31 having therethrough a central opening 
20 surrounding the lower end of the lens assembly 1 0 coaxially thereof. Element 3 1 

comprises a pair of similar, disc-shaped plastic Fresnel lens elements 32 and 33 which 
have equal outside diameters, and central openings therethrough also of equal diameters. 
Elements 32 and 33 have plane, flat outer surfaces, and grooved or faceted surfaces 
secured in confronting, abutting, and coaxial relation to each other by a pair of rigid 
25 mounting rings 34 and 35, the former of which is secured to and surrounds the outer 
peripheral surfaces of the elements 32 and 33, and the other of which (ring 35) lias its 
outer peripheral surface secured to the inner peripheral surfaces of the lens elements 32 
and 33. As noted above, the elements 32 and 33 have confronting faceted surfaces the 
details of which will be described in further detail hereinafter. 
30 For use in shifting the optical element 3 1 vertically relative to the bottom of the 

illuminator housing 14 three nearly semicircular mounting plates 41 (Fig 2) are secured 
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to and project from the outer peripheral surface from the housing wall 17 at 
approximately 120° intervals thereabout. Secured to the upper surface of each plate 41 is 
the mounting flange 42 of a conventional stepper motor 43, which may be of the type 
known as the AIRPAX stepper motor from Cheshier, Conn. Each such motor operates an 
externally threaded shaft 45, which is mounted in an axial bore in the associated motor 
housing for movement by the motor selectively in opposite directions. As shown more 
clearly in Figs. 1 and 2, each externally threaded shaft 45 projects out of the lower end of 
its associated motor housing 43 and coaxially through and in radially spaced relation to 
the annular wall of a central opening 46 which is located in the associated mounting plate 
41 . Secured to the outer peripheral surface of the optical element ring 34 beneath and in 
registry with the plates 41 are three small brackets 47. The lower end of each shaft 45 
threads through a central opening in the registering bracket 47 and into a locknut 48 
engaged with the underside of the bracket. In this manner the optical element 3 1 is 
secured to the lower ends of shafts 45 for vertical movement thereby between an elevated 
position in which it is engaged with the underside of housing 17, as shown by full lines in 
Fig. 1, and any of a variety of adjusted positions in which it is axially spaced beneath 
housing 17, two of which positions are shown for example by broken lines in Fig. 1. 

Referring now to Figs. 3 and 4, wherein the confronting, grooved surfaces of the 
Fresnel elements 32 and 33 are illustrated in greater detail, it will be noted that each of 
the confronting surfaces has formed coaxially therein a series of radially spaced circular 
grooves which form in each surface a series of radially spaced circular facets facing each 
other, and in such manner that the opposing peaks (P2 of element 32 and P3 of element 
33) are accurately aligned to confront upon each other thereby to maximize illumination 
transmission. This construction incidentally, is most commonly employed in overhead 
projector systems. Each of the forty-eight LEDs 27 emits a beam of light which has a 
slight angular spread (as shown in Fig. 3) so that when a LED beam strikes one of the 
faceted mirror surfaces 23, it is directed by the associated facet 23 downwardly through 
the opening 1 8 at an angle of 42 Vz. As shown in Fig. 1 this results in a downward 
expanding ring of illumination in the form of a cone having, for example as shown in Fig. 
1 an inside angle of 40°, a central angle of 4 V2 0 , and an outside angle of 45°, which cone 
appears to emanate from a common point P on the optical axis Z. The resulting cone of 
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light formed by the beams reflected from the faceted mirror surfaces 23 project through 
the opening 1 8 and illuminate an annular or ring-shaped region of the Fresnel lens formed 
by sections 32 and 33 thereof. As shown more clearly in Figs. 1 and 3, this ring-shaped 
region of light is redirected by the facets of the Fresnel lens and focused at an angle of 
1 5° to the optical axis Z onto the object plane or surface of the workpiece W that is to be 
inspected. 

As the optical element 3 1 (the Fresnel lens) is moved downwardly toward the 
object plane - i.e., toward the workpiece W - the cone of light engaging the Fresnel lens 
in its adjusted position, still intersects the lens at the same angle as noted above (from 40° 
to 45°) but of course at progressively larger radii from the optical axis. While for 
different positions of the optical element 3 1 (the Fresnel lens) relative to housing 17 the 
central angle of the light entering the lens from the illuminator housing 17 will always be 
42 the outgoing angle of the refracted light - the light from the Fresnel lens which is 
focused thereby on the object plane - increases progressively as element 3 1 approaches 
the object plane (the work W). It is this particular geometrical relationship which defines 
the facet deflection requirements for the different positions of the Fresnel lens. In the 
case of the elements 32 and 33 the angles of the facets in their confronting surfaces vary 
from the radially innermost to the radially outermost thereof in order to achieve the 
refraction range of 15° to 75°. 

In view of the foregoing, the Fresnel lens is specifically designed for each of its 
positions relative to the housing 17, to focus the incoming cone of light from the 
illuminator housing 17 onto the object or work W that is being inspected. With the 
present invention it is possible to have light emitted from the Fresnel lens at an angle of 
incidence to the optical axis Z at anywhere from 15° to 75° simply by adjusting the 
position of the optical element 31 vertically relative to the illuminator housing 14. 

From the foregoing it will be apparent that the use of the adjustable Fresnel lens 
provides a reliable and effective means for focusing a cone of light onto an object plane 
(workpiece surface) at angles of incidence relative to the associated optical axis in the 
range of 15° to 75°. While in the illustrated embodiment the light emitted from the mirror 
facets 23 is directed directly onto the associated Fresnel lens, it would be within the scope 
of this invention also to employ, if desired, a slightly diffusing surface on the top side of 




the lens element 33 to expand the region projected onto the work W, or somewhat to 
homogenize the illumination. Each of the LEDs employed herein embody a small 
emitting source embedded within a collimating lens, so that collimated beams of light are 
directed radially and in a common plane onto the registering mirror facets 23. However, 
it is to be understood that a plurality of small incandescent sources or fiber optic conduits 
or lasers with collimating lenses could serve the same purpose. Also, if desired, colored 
filtering or strobing may be employed, as well as, if desired, discrete sources that control 
which light sources around the incident cone may be selectively activated. 

While this invention has been illustrated and described in connection with only 
certain embodiment thereof, it will be apparent that this application is intended to cover 
any such modifications as may fall within the scope of one skilled in the art, or the 
appended claims. 




